T HE goal of most plant breeding programs is to increase the yielding capacity of the crop. This objective is achieved either by breeding for resistance to one of the many adversities which influence yield, or by breeding directly for increased yielding ability. In wheat, as with many other crops, the latter approach has not always been the most successful, particularly after a plateau in plant yield has been obtained. Where high yielding varieties have been developed, it has often been without the benefit of a clear understanding of the inheritance of yielding ability, a trait which is complicated by the interrelationships of many genetic and environmental factors. As a result, the wheat breeder is confronted with the difficulty of choosing those parental lines which when crossed will result in the highest proportion of desirable segregates and also with the difficulty in seiecting the best lines from the progeny in early segregating generations. Furthermore, the breeder of self-pollinating crops can utilize only that segment of the total genetic variability which results from the action of additive genes and those epistatic gent interactions which behave additively, because only these types of gene action can be retained by subsequent inbreeding.
One technique used extensively in corn and forage breeding programs has been to classify parental lines in terms of their ability to combine in hybrid combinations. With this method the resulting total genetic variation is partitioned into the effects of general and specific combining ability. In this context, Sprague and Tatum (11) defined general combining ability as the average performance of a line in hybrid combinations, and as such, general combining ability is recognized as primarily a measure of additive gene action. Specific combining ability describes those instances in which ~iertain hybrid combinations do relatively better or worse than would be expected on 'the basis of the average perfomaance of the lines involved and is regarded as an estimate of the effects of non-additive gene action.
It was the primary objective of this study to classify ten winter wheat varieties and selections for their general and specific combining ability effects for grain yield and also for the morphological components of yield. A second objective was to evaluate the effectiveness of the component approach as a breeding method for the improvement of a complex trait such as yielding ability. The advantages and disadvantages of tlhis procedure have recently been discussed by Grafius (2), Williams (13, 14), Whitehouse et al. (12), Leng (16), Hayman (4), and Moll et al.
MATERIALS AND METHODS
A diallel cross inw3lving 8 varieties and 2 experimental selections of winter wheat were utilized in this investigation. Parental lines were relatively high yielding; however, each line attained the high yieh:l by exhibiting extreme values in one or more of the components of yield. Large differences existed between the parents for plant height, with 2 of the lC parents classified as tall and 2 classified as short or "semi-dwarf" wheat.
Seeds of the 45 possible single crosses alang with the 10 parents were planted in plant bands in the greenhouse and later transplanted into the field. There was sufftcient hybrid seed to plant either 5 or 6 plants per plot in replica:ions I and II, respectively. The experimental design was a randoraized block. The individual plants were space-planted one foot apart within and between plots. Barley plants were grown at the end of each row to minimize competition.
Data obtained from individual plants incladed: (1) total grain yield per plant, (2) number of spikes per plant, (3) number of spikelets per spike, (4) number of kernels aer spikelet, and (5) the mean weight per kernel. The latter foul" traits are recognized as the components of yield in wheat. A six~:h trait measured was the height of the plant from ground level to the tip of the tallest spike. The data obtained for each trait were analyzed on a plotmean basis.
Estimates of general and specific combining ability were obtained by the diallel cross analysis provided b~-Griffing (3), where one set of F,'s are included in a matrix, and neither the parents nor the reciprocal F~'s are used. This analTsis is similar to the technique originally suggested by Sprague a:ad Tatum (11). The experimental material was regarded as the population about which inferences were to be made and since the ten parents were classified into their individual combining ability effects using the ten parental lines themselves as testers, the assumptions as outlined by Eisenhart (1) Estimation of effects for general and specific combining ability were compared with narrow-sense heritability estimates obtained from parent-progeny regressions and coefficients of determination obtained from parent-progeny correlations.
RESULTS
Mean squares obtained from the anaDsis of variance for combining ability involving the six fiaeasured traits are shown in Table 1 . In comparing the relative magnitude of general versus specific combining abilily, a large part of the total genetic variability was associated with highly significant general combining ability for all traits, with the exception of kernel weight even though there was a significant difference for this latter trait a~aong the parental lines. The components of yield, kernels per spikelet, spikelets per spike and spikes per. plant had a higher general combining abiSty in relation to specific combining ability than did plant yield. The largest general to specific combining ability ratio was observed for plant height. Estimates of specific .combining ability were. very small or not detected for four of the traits; however, a significant specific combining ability was observed for grain yield and plan.t height. 
